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1.0 

1.1 sramsary 
This study has been based on an analysis of solar and solar and 

solar induced terrestrial phenomena during the period fran a few days before 

t o  a few days mer the occurrence of solar flares that are known t o  ham 

Most of the analysis i s  limited t o  59 PCA events that can, with 

reasonable certainty, be associated w i t h  solar flares, although same attention 

w i i l  be given t o  an additiona.3- 47 small events 5x1 an effor t  to, where possible, 

increase the statistical significance of the associated phenoenena. 

In many respects the  analysis carried out i n  t h i s  study is similar 

to s t a t i s t i c a l  evaluations that have been made by a nuuiber of investigabrs 

who were looking for correlations between specific solar phenanena. However, 

the basic objective of th i s  study has been quite different. We are searching 

for  those solar phenanena, or conditions, or combinations that can be used t o  

predict with an acceptable degree of confidence whether or not a danger- 

radiation conditions w i l l  exist  outside the earth's atmosphere or magnetic 

f i e l d  from an observed condition on the  sun, 

ev&luate the _ _  magnitude "--- of the danger, and the Bmaunt of time available for  

protective action, 

In addition, we must be able t o  

The characteristics of solar flares and the associated solar region, 

which are the source of the high energy particles that cause p&az cap absorp- 

t ion events, have been evaluatedin terms of those phenomena that are generally 

associated with, or are, indications of active solar regions. 



These phenmena are treated individually and i n  combinations t o  

assess the  probability tha t  a given condition or region might be the source 

of a proton stream. 

Plage regions, sunspot groups, flares, loop prdnences ,  short 

wave radio fadeouts, solar radio emissions at discrete frequencies, and spectral 

emissions of 'l?ype 11 and IV that are reliably associated with PCA events, 

have been studied. 

Solar induced disturbances i n  t he  earth's magnetic f ield as in- 

dicated by the planetary three hours index, Kp,and derived daily index, Ap, 
for the four or five days preceding the ETA flare have been used i n  a search 

f o r  a correlation between t h e  geomagnetic conditions and the proton stream 

travel time and the intensity of the event. 

In addition to the analysis of solar regions, flares, and f la re  

induced phenomena associated w i t h  the PCA events, we have, for the purpose 

of comparison, analyzed a limited number of large and magnetically cmplex 

sunspot groups; large, br ight  and flare productive plage regions, a l l  f lares  

of importsnce 3+, and selected flares of importance 3. 

It is  possible at th i s  time t o  eliminate same of the parameters 

or phenomena from primary consideration and reccmmend others for  additional 

analysis: 

Sunspot - If a proton event is  observed,there is a high probability 

that the flare occurred i n  a large magnetically canrplex sunspot group; however, 

the probability that a large magnetically canplex sunspot group will be the 

source of a proton producing flare is  very smal l .  

2 



Proton producing f lares  are more l ikely t o  occur i n  sunspot groups 

that have remained constant i n  area - + id, or were increasing i n  area during 

a period of several days. 

Plage Regions - Large, br ight ,  and flare productive regions do not 

appear t o  be necessary conditions fo r  the production of a PCA-flare. 
_. - 

rkariy 43k the p r c t a  f~ares  ccel.sred plage regims with Everage 

maximum areas less than 6000 millionths. 

events occurred from plage regions during the i r  second rotation. 

Approximately 5C$ of the proton 

A l l  but one 

of the PCA events occurred i n  plage regims in the second or later rotation, 

T’nere is a very i o w  pro’bability Vnat a new piage region w i l l  3e t he  source 

of a proton flare.  

Flares - There is a high probability tha t  an importance 3+ flare will 

be followed by an important PCA event, i f  the flare is  acccmpanied by a major 

short wave radio fadeout and a radio burst  a t  a frequency between 2800 and 

3750 Mc/s. 

Loop Prominence - If a f l a r e  on the  solar disk has an associated 

loop prominence, there are good indications that a proton event w i l l  follow. 

Magnetic Conditions - The flare proton event d e w  time or  event 

s ize  does not appear t o  be influenced by the variation of the three hour IGp 

index or  the derived daily $ during the four or f ive  days preceding the flare. 

1.2 Reconmendat ions 

Many of correlations and associations examined during t h i s  study 

were limited t o  t h e  association of the  chosen phenomena t o  PCA events, the 

extension of the analysis t o  non-PCA flares and solar regions tha t  did not 

produce PCA events should be carried out. 

3 
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Plage Regions - Plage characteristics during the  four or  five days 

prior  t o  PCA-flares and non-PCA flares of importance 2+ and 3 should be classi-  

fied. 

PCA flares, should be investigated by a c a r e m  study of flare patrol  films. 

Plage turbulence pr ior  t o  o r  during major f lares ,  and i n  particular 

Flares - Major f lares  not associated w i t h  PCA events should be 

analyzed i n  terms of the chosen pasmeters for  possible distinguishing charac- 

t e r i s t i c s  of PCA and non-PCA flares. 

Radio Bnissions - Sunspot groups associated w i t h  PCA f l a r e s  should 

If be investigated for  radio emissions from flares preceding the PCA-flare. 

the PCA-flare regions are radio noisy, the  evaluation should be extended t o  

spot groups with non-PCA flares o f  importance 3. 

flaxes not followed by PCA events have been investigated. 

be extended t o  give a better s t a t i s t i ca l  sample. 

where the  flare was reported by at l eas t  one observatmy with importance 3+, 

and w a s  reduced t o  importance 3 in the McMath-Hulbert working l ist  (Table ll). 

A few cases of importance 3 

This analysis should 

I n  particular those cases 

Loop Prominence Systems - The association of loop prominences on 

the solar disk with FTA flares shows a good correlation, especially for the 

years 1960 through 1963 where prominences were found for  12 of the 16 disk 

flares and for  four of the f ive  limb flazes. Conversely, there were only 

two disk loop praninences reported (Bruzek) tha t  were not associated with 

PCA flares fran the basic list, and one of these occurred at the time of a 

very small PCA (Number G22, Table 8). 

On the  basis of the outstanding success of FCA flare loop prcrninence 

association, a thorough search should be made for  additional loop prcminences 

at  the time of the other PCA-f l a re  during 1960 through 1963. 

4 
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Flare to a 0  t o  C E ~ O  t o  rn t o  w30 t o  
~ 3 0  CM cW30 4W60 rw60 Importance E60 

1 0 0 0 0 0 1 
2 1 3 

1 1 
2 2 2 3 
2+ 0 0 3 2 
3 0 4 4 7 5 5 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Total 
1 

13 
7 

25 

2 .o GWERAL S!L'A!J!ISJ!IC?\L SUMMARY 

2 .1 Selected PCA Events 

The 3.96 Polar Cap sSso;-tiocs (XI..) C?F p s a i b l c  E A ' S  were chosen 

f r o m  a large number of original sources (Table 3) and catalogues of PCA 

events compiled by Bailey (1964), Basler and Owren (lw), Malitson (1963), 

Warwick and Haurwltz (1962) and the 5 volumes of' the  Solar Activity Catalogue, 

Jonah, Dodson-Prince, and Hedemn (1965). These PCA events have been classi- 

fled in to  three groups: 

(a) PCA events detected by two or more techniques that can be 

associated with a solar flare with reasonable certainty. There are  59 

events i n  this group (Table 1, 3, 4, 5 and 6). 

(b) Small PCA events and events f o r  which a flare association 

is questionable or  na t  possible. 

(Table 7). 

There are 24 events i n  t h i s  group 

(c) sloall PCA events during 1960 reported by Gregory only (24 

events, Table 8). 

While s m  of the  even t s  l isted i n  Tables 7 and 8 will be analyzed 

i n  some de ta i l  the  major effort of this study has been devoted to the  59 

events l is ted i n  Table 1. 

2.2 PCA-Flare Central Meridian Distance 

The distribution of the  59 flares are shorn i n  Table lA i n  terms 

of flare importance and flare central meridian distance. 

m u  
PCA Flares-Central Meridian Distance Distribution 

5 
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This shows a dis t inct  performance for the  western two th i rds  of 

the ~ 5 s i b l e  hedsphere (81s). 

between East 30 and West 30. 

importance i s  shown on Figure 1. 

2*3 PCA-Flare Delay Time 

Slightly less t k n  p$ of sll flares occurred 

The heliographic distribution by flare 

Table 1B and Figure 2 show t h e  PCA-flare delay time as a function 

of heliographic position and f la re  importance. 

PCADEIAYTIME HOURS 
Disk 
Position 
EgO t o  
E60 

<E60 t o  
E30 

<~30 t o  
CM 

CM t o  
w 3 0  

w30 t o  
LW60 

2 W60 
Tota l  

,1 t o  >3 t o  7 6  t o  .g t o  
L 1  s3 e6 s.9 512 2x2 

0 1 3 0 1 0 

1 2 4 1 1 0 

1 6 2 1 0 1 

4 4 3 1 0 1 

5 4 2 1 0 0 

4 1 4 0 0 0 

15 18 18 4 2 2 

PCA-Flare Delay !Mmes with Solar Disk Distribution 
~ ~ 

Table 1B ShWS that approximately 869 of the  PCA events followed 

t h e  flare by s i x  hours or less. The flare associated with a given PCA was 

chosen as the flare of highest importance that preceded the  flare by less 

than twelve hours. If there were two or more flares of importance equal t o  

or  greater than 2+ preceding the PCA, the  final decision was based on an 
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analysis of the  radio entissions i n  both the  c e n t i k e r  and meter wave lengths, 

and i n  some cases t h e  previous act ivi ty  of the rsv_tlspot groups and the impo€kK~ce 

of the short wave radio fadeout. Finally the association was checked against 

associations given i n  t h e  scient i f ic  literature, and other things being equal 

t h e  flare with the  shortest delay time was chosen. If there were no major 

flares (importance Z 2+) reported during t he  12 hour period, all flares of 

importance f 2 were examined i n  terms of t he i r  position, associated radio 

emissions, short wave fadeouts and the previous ac t iv i ty  of the sunspat groups. 

I n  general this procedure led t o  a more or less unambiguous flare choice. 

2.4 Prompt Flare Induced Phenomena 

An examination of the  associated data given i n  Tables 1 and 3 shars 

that every PCA flare was accoqanied by a SW, and a l l  but three by a centi- 

meter burst a t  one or  more frequencies i n  t h e  range from 2800 t o  3750 Mc/s. 

All but three of the PCA flares vere followed by a sudden conmencement geo- 

nragnetic storm (SSC),  or the SSC occurred within an acceptable t i m e  of two 

PCA flares (PCA numbers 12, 13; 43, 44; 50, 51; 52, 53; 54, 55). A l l  but 

three of the  PCA flares of importance 2+ or greater (importance based on the  

McMath-Hulbert working list) were followed by a Forbush decrease. 

A l l  but f ive of the shortwave radio fadeouts were of importance 

equal t o  or  greater than 2, lasting for 30 minutes or -re ( E A ' S  5, 14, 18, 

22, and 24). I n  fact, 45 of t he  SWF's tha t  acconpwded a PCA flare lasted 

f o r  more than 60 minutes. 

Thirty-four of t he  centimeter burs t s  i n  the  range 2800 t o  3'750 Mc/s 

had peak intensi t ies  greater than lo00 x W(m2c/e)'' 

These s t a t i s t i c a l  relations are mmmrized i n  Tables 3A 

7 



* A l l  of the  Solar and Terrestrial  EfTects: SW, Spectral E$rission, 
'J!ype I V ,  Radio Emissions a t  Centimeter Wavelengths ( a t  2800, or 
2980, or 3000, and/or 3750), SSC, and Forbush decrease (Fd) 

Tmm 3r, 

flmapEiry of Selected Phenomena Associated with the PCA Flares 

FLare 
I-. 
1 

Type 11 (slow drif't bursts) are l i s t e d  i n  Table 3, but were nat 

No. Flux loo t o  >500 t o  >loo0 t o  
Observations <lo0 5 0  loo0 loo00 ,loo00 Total 

0 0 0 1 0 0 1 

included i n  Summary Table 3, because of the lack of spectral observations 

2 0 5 2 4 0 

0 1 2 1 2 1 

a t  t h e  t i m e  of a large percentage of PCA flares. The Type I V  events include 

13 
7 

those observed either at Sydney DAPTO and/or Fort Davis and probable Type I V  

3 
3+ 

Total  

emissions on the basis of selected single frequency outbursts. 

1 1 3 3 15  2 25 

0 0 1 2 10 0 13 

3 2 11 9 3 3 59 

2 

2+ 

The Distribution of Centimeter Flux From 
PCA Flares as a Function of Flare Importance 



From Table 3 we see that  7 3  of the  PCA flares produced peak flux 
-1 

a t  2600 or 3750 MC/S greater than 5Wx10-22W(m2c/sj. Tie distribubion of fiux 

intensity at3 a function of flare importance is  shown i n  Table JB. 

the importance 3, ar?d 80$ of the imortance 3 E A  flares produced peak flux 

greater tfian ~ o o ~ ~ o - E w ( ~ A / ~  )-lo 

92$ of 
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Year 

1954 
1955 
1956 
1957 
19s 
1959 
1960 

3.1 Large Spot Groups 

Large (Max, Area Large and $ or P 8  small spots 
5500 millionths with PCAs 

Number of Total Numberof T a t a l  
withPCA PCAs Spots vLth PCA B X s  Spots Rumber 

0 0 1 0 0 0 0 
0 0 17 0 0 2 0 
0 0 81 3 3 9 1 
8 9 89 3 5 20 2 
8 ll 80 0 0 19 0 

3 5 15 0 
ll 14 2 

1 1 69 
0 0 19 5 

While we find that 53 of the important PCA events were associated 

with flares that occurred i n  large sun spot groups (22 large, 3l  large and 

magnetically coqlex) these PCA sun spot groups represented only 34 (or 746) 
of the  4 7 l  large spot groups that were reported during the  years 1954 through 

TABLE 4A 

Sunspots with Maximum Areas 3 500 Millionths of the  Solar Hemisphere and 
PCA Flare Distribution 

34 of t he  PCA flares occurred in 20 different sun spat groups t ha t  

during disk passage had maxirmzm areas greater than lo00 millionths. (Table 4B) 

This represents only about 12 percent of the  153 sun spot groups i n  this 

category, as shm by years i n  Table 4B, 

areas greater than lo00 millionths during the  years 1954 through 1959. (DBta 

52 of these large spots had mean 

are not available subsequent t o  1959). While there appears t o  be a strong 

PCA-flares association with large sun spot groups, t he  probability that a 

10 



Year 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 

T a t a l  153 52 

TABLE 4B 

Max. Area *lo00 
V i t h  Total 
PCA PCA 

0 0 
0 0 
I 1 
5 7 
4 9 
4 3 
3 7 
2 5 
0 Q 
1 2 

20 34 

Sunspot Groups with -mum Area, and Mean Area >/ lo00 Millionths 

large sun spot group ell, at  so= t i m e  during &sir passage, be the source 

of a PCA fLare is extremely small. Similarly there does not appear t o  be 

any real correlation between the molphology of sun spat groups, either 

large o r  m m l l  with the occurrence of a PCA flare. "his is shown on Figure 

5. 

sun spot groups that had a maximum area 

where we have, &unmg other parameters, plotted the dai ly  area of all 

a lo00 millionths, during 19%. 

W e  have shown all flares of importance 3 associated with those sun spat 

group and the PCA flares. 

We have also shown the  daily areas of all sun spot groups with 

maximum areas < lo00 millionth that w e r e  t he  source of an importance 3 

flare o r  a PCA flare. The sun spot area data for  the five days prior  t o  

the 32 P C A - f l a r e s  through 1958 do not show any significant trend. W e  find: 

2 - at the east limb 
1 
1 - intermittent 
2 - small and variable 
1 - large and variable 
4 - decreasing 
8 - increasing 
13 - stable f lO$ 

- formed on t he  disk the day before the flare 



I* 
I 
8 
I 

E F G H J A C D 
$ 7  2 0 6 0 0 0 0 

6 2 0 0 0 0 0 pd 14 
1 1 1 0 0 1 3 

'a 0 0 1 0 3 0 1 0 
6 8  
? o  0 0 0 1 1 0 0 

Corrected daily sun spat area data are not available for  1959 and subsequent 

'Patal 

15 
22 
15 

5 
2 

years , 

= 29 9 4 7 4 1 2 3 

3.2 Magnetic and Zurich Classification 

A similar situation exists i n  the case of both sun spot magnetic, 

59 

and the Zurich classifications, even though there is a strong PCA flare 

association with 8 or  f' spot groups, and E, F, G, and H Z u r i c h  

classes. This i s  shown on Table 4 where the PCA-flare day classiflcations 

are  also shown, 

The Zurich and magnetic classification of the PCA-flare sun spot 

p u g s  on flare day are shown i n  Table k .  

The Zurich and Magnetic classiflcation of Sunspots on FCA 
Flare Days 

It should be pointed out that i n  those cases where the flare occurred 

a t  e i ther  the east or west limb, the Zurich and magnetic classification was 

extrapolated on the basis of the  following or  preceding days values. 

PY 30 of the  PCA flares were definitely associated with d or 

sunspot groups with an E, F, G, or R Zurich classiflcation. Seven others may 

have belonged i n  this group based on extrapolation as mentioned above. 



3.3 l?CA Events Associated With Small Sunspot Groups 

Six o r  lo$ of the  basic FCA events have been associated with flares 

from small sunspot groups (max. area < 500 millionths). These are  shown i n  

table  4D. 

PCA 
Ser ia l  
Bo . 
2 

11 

20 

43 

46 

57 

~ ~~ 

A b s .  Delay Flare 
Date db Time I T  CMD 

3-10- 56 3.5 3h 45m 2 E88 

9-26-57 2.0 lh 53" 3 FJ-5 

4-28-60 3.5 lh oom 3 E34 

5-06-60 16.0 lh 56m 3+ Eo7 

9-28-61 3.3 oh 43m 3 E 9  

8-W- 57 3.1 hh 50" 2 E76 

Integrated 
Flux 

6 5 x 10 

6 

6 
4 x 10 

6 x 10 

TABLE 4D 

PCA Events From Small Sunspot Groups and Related Data 

Except for the  fac t  that the reported absorption for  five of these 

PCA events was small, none of them show phenomena characterist ics substantially 

different from those PCA events associated with large spot groups, 

3.4 Heliographic Longitude Distribution of Proton Flare Sunspot Groups 

The heliographic longitude of t h e  sunspot group associated with the 

basic PCA flares is shown on Figure 3 divided in to  northern and southern 

hemisphere. When two or  more f lares  occur i n  a single spot group, these 

multiple f l a r e  spots are considered as a single event and are  shown without 

divfding lines. 

these events occur i n  the solar hemisphere between 320" and 140". 

That is, Figure 3 shows 39 independent events, 26 or  67% of 



It should be noted that 7 of t h e  17 PCA events that occurred 

b&eeZ l O P ! h C k P  140" BE4 Poo pmdCCed iEt.Pg_PA_%ed p m d O I I  fbWre6 

2 6 (protons/cm , energy > 30 MeV) equal t o  o r  greater than 1.5 x 10 as 

sham below (see Table 6 also). 

Event Number 1 u 26 30 31 32 

Integrated 1.Oxl~ 1.5x106 2.frx108 ?.OxlO7 l.lx108 6.0xlO 6 1.8x10 6 

14 

The intensi ty  of t h e  flux for  the  remaining u) has not been deter- 

mined but the intensi ty  of the  absorption was greater than 3 db for  6 of the 

10 e*a&s. 

This clearly indicates that while there i s  only about a 3346 

probability that a PCA event will occur in the hemisphere between longitudes 

140" and 9 O o ,  lg$ of those events f o r  which an integrated flux 710 has 

been determined, were produced by flares from that hemisphere. 

6 

Figure 4 shows the longitude distribution of t h e  106 proton events 

from Tables 1, 7, and 8, where we have shown them as 75 independent events, 

with 64s i n  the apparently favored hemisphere. 

agreement with t h e  percentage from the Figure 3 distribution since the PCA 

flare choice and consequently the sunspot group, f o r  several of the events 

i n  Tables 7 and 8 may be questionable. 

agreement with those derived by Warwick (1965) where she found that 33 or 

7346 of her 45 independent proton events were i n  this same hemisphere. 

This i s  i n  surprisingly good 

These results are i n  reasonable 



4.0 PLAGE REGIONS 

4.1 Plage Area and Brightness 

A preliminary investigation (Table 5) shows that the probability that 

a lmge (area greater than 10,OOO millionths of the area of the solar hemi- 

sphere) or bright (average intensity )3) region will be the source of a PCA- 

fhre is very small. 

regions with average maximum azeas less than 10,OOO; in fact 23 of the PCA 

flares were associated with plage regions with average maximum area equal to 

6,000 or less. 

4.2 Flare Productivity 

Forty-three of the 59 PCA flares occurred in plage 

Flare productivity prior to the PCA flare has sane significance. 

There are anly nine cases where the number of flares fran the PCA flare region 

was less than ten and in four of these cases the PCA-flare occurred near the 

east limb. 

or more flares prior to the PCA flare. 

for 29 of the FCA flares. 

4 and 5. 

Only one western quadrant PCA-flare region did not produce 10 

Ten multiple PCA-flare regions accounted 

These multiple PCA-flare regions are shown on Tables 



5.1 Major Flares and PCA Events 

A l l  Reported Flares 
Importance 

The distribution of PCA f lares  by importance is  shown on Table 3. 

Flares with PCA's 
Importance 

Forty-five of the f lares  have importance *2+. The number of PCA flares of 

0 0 0 
9 4 0 

38 21 1 
39 24 7 
58 17 3 
33 24 6 
22 15 4 
4 9 1 
3 2 0 
1 2 0 

207 118 22 

(m PCA) 
(very - -1 

importance 2+, 3, and 3+ by years is  shown i n  Table 1 C  together with the t o t a l  

0 0 0 
0 0 0 
0 2 0 
2 8 3 
2 3 3 
0 2 4 
3 5 2 
0 4 1 
0 0 0 
0 1 0 

7 25 13 
2 2 1 
2 5 2 

number of flaresreported i n  each of these categories based on the solar ac t iv iw 

catalogue and the McMath-Hulbert working lists. 

TOTAL 
Table 7 
Table 8 

TdAL I207 118 22 I 11 32 16 

The number of PCA f la res  given i n  Table 1 C  by years i s  based on the 

major PCA events of Table 1. 

the  Gregory PCA events from Table 8 for s t a t i s t i c a l  purposes, we find that 

only 5 . s  of the importances 2+ flares, 18.6 of the importance 3 f lares ,  and 

7 3  of the importance 3+ flares were followed by PCA events. 

If w e  include the s m a l l  E A ' S  from Table 7 and 

16 



The importance 3+ flares are summarized in  Tables lOA,  lOB, and 1OC 

Importance 
3+ to: 

and "he s 

Importance 
3 2+ 2 1 Total 

i 

x imipartance 3+ flares that  were not followed by a PCA event are 

discussed in the appendix where it is concluded on the basis of associated 

phenomena tha t  a PCA event wouldhave been expected from two and not expected 

from the other four. 

in the case of the very mail PCA events, an analysis indicates that 

only one of the four had the potential of a major PCA event. 

5 -2 Flares with Importance 3+ by a t  Least One Observatory 

A t o t a l  of 53 flares were reported in the IAU Quarterly Bulletin axl 

included i n  the Solar Activity Catalogue w i t h  an importance of 3+ by at least 

one solar observatory. Thirty of these flares were reduced t o  importance 3 OF 

less in the McMath-Hubert working lists as shown in Table UA. 

1956 1 0 0 0 
1957 5 0 0 0 
1958 3 1 2 1 
1959 5 0 1 0 
1960 4 1 1 0 
1961 3 2 0 0 

The 21  importance 3+ flares that were reduced t o  importance 3 in the 

M k t h ~ i b l b e r t  working list are  l i s ted  i n  Table 11 together with the pruupt 

f la re  associated data. 



Nine of these flares (Numbers 1, 3 5  4, 10, 14, 16, 18, 19, and a) 
were followed by FCA ~ V S - , ~  (Nixmbers 3, - , 15, 33, 38, 47, 50, 53 5S--Table 1). 

The remaining 22 flares with importance 3+ i n  the IAU Bulletin, the Solar 

Activity Catalogue, and the Math -Hulbe -  * 

lOB, and lOC,  Flares ir&hu ,.me followed by very small PCA events, o r  by 

-- ing L i s t  are listed i n  Tables lw, 

no PCA are  evaluated i n  detai l ,  

5.3 Importance 3+ Flares Followed - 'Irge PCA Events 

Twelve of the final list of impor ~ - flares (Table 1OA) were 

followed within f ive hours by PCA's with t o t a l  integrated flux greater than 

10 6 protons/cm2 w i t h  energies >30 MeV. These 12 flares occurred i n  ten diffe2c 

ent plage regions with average maximum area! 

mi3lionths of the solar hemisphere, and average brightness of 3 (two cases), 

- +. rmged from 4,000 t o  15,000 

3.5 (seven cases), and 4 (one case). 

had an average magnetic classification of r , o r e g ,  two were bipolar ( 

and two were unipolar (a(). 

Six of the ten associated sunspot groups 

S' 

AU. of these f lares  caused short wave rl.20 fadeouts of importance 3 

(5 cases) or 3+ (7 cases) lasting for  30 minutes or more (all but two lasted 

for  more than two hours). All of these flares were accaupnied by major radio 

bursts las t ing for 30 minutes or  more, at  one or more of the frequencies 2800, 

2980, 3000, or 3750 Mc/s and spectral emissions of ryPe IV. 

5.4 Importance 3+ Flares  Followed by Very S m a l l  PCA Events 

Four of the importance 3+ flares were followed by very small PCA's 

(Table 1OB). Three caused short wave radio fadeouts of importance 3 (two 

cases) and 3+ (one case) lasting for more than 30 minutes, Only one w a s  



accmpmierl by a major radio burst i n  the centimeter wave length (at 2980 Mc/s). 

From an analysis of the prclnpt f lare associated phenmena (see Appendix 1, 

Section l), only one of these flares (limber 3, Table 1OB) satisfies the 

condition for an important PCA event. 2 An integrated proton flux of 4 x l$/m 

for  energies > 30 MeV has been calculated for  t h i s  event. 

5.5 Importance 3+ Flares Not Followed by PCA hrents 

Table 1OC lists six importance 3+ flares that  were not followed by 

PCA events. Three were reportedby the Sydney Observatory only and do not 

satisfy any of the  conditions for PCA events. These f la res  and associated data 

are discussed i n  detail in  Appendix 1, Section 2. Rso of these f lares  (Numbers 

5 and 6, Table 1OC) meets the conditions for an important PCA event and must 

a t  the present time be considered as a fa l se  alarm. 

Importance 3+ Flares 22 
Important PCA's Expected 15 
Important E A ' S  Reported 12 
False A l a r m  Rate 1 3/1 

5 -6 PCA Intensity and F la re  Importance 

The distribution of PCA intensity with f l a r e  importance is shown 

i n  Table ID. However, it m u s t  be pointed out that  the maximum absorption is 

more qualitative than quantitative, since the t o t a l  energy or t o t a l  flux during 

a PCA event will depend on the  rate of r i se ,  recovery and the duration of the 

event. 

30 Mev is  known for  only 36 of the 59 events. 

The integrated proton flux for  protons with energies greater than 



Flare 
0 Weak c3 3 5 t o  5 >5 t o  10 a 1 0  

0 0 0 0 
2 I :  0 5 5 1 

TotaJ 

2 
3 6 

3 1 1 
u 1 5 

1 0 1 2 9 
3+ ! 

1 
13 
7 

25 
13 

~ 

TOTAL 6 0 20 9 16 I 59 

PCA INTWSITY AND FLARE IMPOR!l!ANCE 

As a first approximation, from a ccmpsrison of the absorption i n  

db with the events for  which the integrated flux is known we f i n d  only four 

events with an integrated flux >lo 6 protons/cm2 fran events following flares 

of importance <2+, one is a flare at the west limb, the other at east 76. 

A more coarrplete evaluation of PCA events associated with flares of 

importance < 2+, is desirable. 
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6.0 

1-  
8 
I 
I 
8 
1 
t 
1 
8 
8 
I 
8 
1 
8 
8 
8 
I 
8 
1 

6.1 Solar Radio Butsts at Centimeters Wavelength 

The correlation analysis of solar radio bursts at 28,000, and 

3750 Mc/s, w i t h  proton events was made by the Radiation and Fields Branch, 

MSC. That analysis was based on the origiraal records Fran Ottawa (2800 

Mc/s) and Nagoya (3750 Mc/s). 

tegrated intensity greater than 

have limited the  investigation t o  the radio frequency bursts tha t  occurred at 

the time of the PCA f la res  l isted i n  Tables 1, 7 and 8. Peak fluxes or the 

smoothed flux (when the peak flux was not available) were used, at the fre- 

quencies 2800, 2980, 3000, or 3750 Mc/s. 

attempt was made t o  determine if observations were being made at the time of 

the flare. An ex~rmna - t ion of Tables 3 and 3A shows that a flux was reported 

a t  2800, and 3750 Mc/s for 56 of the 59 PCA events listed in  Table 1, 

number of radio frequency bursts i n  several ranges of intensity are  shown i n  

Tables 3C, where flare impcrtance has been used as a parameter, This shows, 

as was expected, a strong correlation between the major bursts (peak flux 

More than 200 bursts were found with an in- 

In th i s  study w e  joules (m2 c/s)'': 

If a flux was not reported, an 

The 

> 500 x lo-= (& c/s)-l) and major flares (importanceZ2+). 

A correlation of the integrated RF burst energy fo r  a l l  56 cases 

shown i n  Tables* 3 and 3B with the PCA intensity a&, where available, the 

event integrated proton flux supplemented w i t h  data fo r  3000, and 2980 

Mc/s should be carried out. 
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I 
8 
8 
8 
8 
1 
8 
I 
8 
1 
8 
I 

. 

These data when combined with the other correlation studies may 

help t o  reduce the false dam rate. 

cover the frequencies 1420, 26%, and 4995 Mc/s, an analysis of the addi t iond 

frequencies might be productive. 

In  fact, since the SPAN telescopes will 

Observatory Normal Observing 
Code Frequencies Time, Hr. UT 

“I 1500 06-15 
SYd 1420 21-07 
Bag 2000 23-07 
Tok 3000 00-06 

Forty-three of the 59 PCA-flase events shown on Tables 1 and 3 

occurred during the observing periods of one or more of these observatories. 

The six hours of the universal day (l500-2lOo) not patrolled by those obser- 

vatories are covered by the normal patrol  period at Ot tawa.  

I n  Table 3C w e  have l i s ted  the 12 PCA events where the  peak or 

smoothed f l u x  at 2800 Mc/s was l ess  than 200, and those where the PCA-flare 

occurred outside the no& Ottawa observing time at 2800 Mc/s. 

we have included all observing frequencies between 1420 and 3750 Mc/s. 

In t h i s  table 
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B *  
1 
1 
1 
8 
I 

8 
1 
8 
8 
1 
8 
8 
8 
1 
8 
8 
8 

e 

4 
5 
6 

14 
20 
22 

25 
33 
39 
44 
50 
58 

11-30-56 
1-20-57 
4-03-57 
8-29-57 
9-26-57 
2-10-58 

6-06-58 
2-13-59 
3-29-60 
4-29-60 
11-15-60 
9-20-63 

* 
* * * 
* * 

* * 
* 184 * 22 * X * * * * 
420 * 

(335) 4 * 
4.9xl.O i e ~  

X * 
* 
* 4950 

1200 

* 
.M * 

X * * 

* Outside observing time we Not observing 
x No f l u x  reported Bracket indicates smoothed flux 

TABLE 3C 

Events with Vem Low Flux at 2800 Mc/s or When t h e  Flare Occurred 
lde t he Normal Ot tawa Observing TBW 

It should be noted that the normal observing times both beginning 

and ending vary by one or two hours with  the season. 

6.2 Spectral Emissions - Broad Band Continuum - Type IV 

Type I V  spectral emissions were observed by either the Earvard or 

Sydney radio observatories ma type I V  emission was derived by a number of 

investigators from single frequency observations for 52 of the 59 FCA events 

l i s t e d  i n  Tables 1 and 3. The seven cases where no type I V  was reported in 

t h e  literature are summarized i n  table 3.D . 
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Bite 
I 

2 
5 

33. 

Flare ' T Y P S  
. Beg. Imp, IV 2800 3750 

I 

13 
14 

Total 

0 0 
0 0 
1 28 
22 50 
21 26 
24 24 
42 8 
19 2 
8 2 
2 1 

139 141 

Obs. Derived 

24 
32 

With PCA 
Obs. Derived 

0 0 
0 0 
0 3 
12 1 
8 1 
5 1 
10 3 
4 2 
0 0 
1 1 

40 I 2  

3-10-65 
1-20.57 
8-9-57 
8-29-57 
8-29-57 
3-25-58 
3-22-58 

* 
* 
w 
X * 
xx 
)c 

* No observations 

x None reported, Harvard observing 
* No observations, Sydney stopped a t  0616 UT 

xx None reported, Sydney observing 

PCA Events With No Reported Type I V  M s s i o n s  

2 x 
1.5 x l d  
1.2 x 108 

The stUay confirms the high correlation between PCA events and spectral 

emissions type IV.  However, the  52 t y p e  IV emissions observed and derived 

and associated with a PCA flare represents a small percentage of the  t o t a l  

nwriber observed or  derived during the  years 1954 through 1963, 8s shown i n  

table JE. 

Spectral Type I V  Wss ions ,  -& E A  Events 
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Only 19 percent of the observed and derived type  I V  emissions 

occurred a t  the time of flares t h a t  were followed by PCA events. 

A m o r e  complete analysis of spectral emissions, type I1 and type 

IV uihh em- at fixed frequency i n  the range I k O  t'nrough 3750 Mc/s, end 

flare importance, m y  show a better correlation with PCA events. 

6.3 Short Wave Radio Fadeout (SWFL 

An inspection of tables 1, 3 and 3A shows that  every PCA-flare 

was accompanied by a SWF, all but four of t he  SwF's w e r e  of importance equal 

t o  or greater than  2, las t ing for 30 minutes or more. In fact 45 of t he  PCA 

flare-SwF's lasted for more than 60 minutes. 

The significance of this PCA-flare, SWF correlation should be 

investigated fluther as a possible input parameter for the solar proton 

warning criteria. 

6.4 Loop Prominence Systems 

One of t he  most promising phenomena, which a t  this t i m e  has not 

been thoroughly evaluated because of lack of data, is  the occurrence of 

loop prominences on the  solar di& i n  association with a flare. A prelimin- 

ary search for loop prominences reported i n  the IGY report series, combined 

with data published by Bruzek indicates a high probability that a disk flare 

which is associated with a loop prominence will be followed by a PCA event, 

and converselythe probabi l i tythat  a disk =-flare w i l l  have en associated 

loop prcminence appears t o  be high. 

that a careful evaluation should be made. 

a t  either the East of West lid does not appear t o  be as promising and must 

be taken in to  consideration before reliable conclusions can be made. 

I n  any case the  association i s  such 

The appearance of loop pmndnences 
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I* 
1 
8 
I 
I 
8 
8 
1 
1 
1 
I 
8 
1 
8 
8 
I 
I 
1 
8 

Y e s  
3 3+ 
0 0 
2 1 
1 1 
0 4 
4 2 
3 1 
0 0 
1 0 

Table 6 shows the estimated PCA event proton f lux (Protons/&) 

for energies 

were reported i n  the literature or the  I G Y  Solar Activity Report Series. 

> 30 Mev, and those events for which loop prominence systems 

Table 6A summarizes the number of importance 3 and 3+ f la res  that 

were followed by an importance PCA event (from tables 1 and 6) and the num- 

ber of Loop Prominences a t  the time of these major f la res  (3 and 3+). Seven 

additional Loop Prominences originated from E A - f l a r e s  with importance 4 3 

t o  give a t o t a l  of a t  least 27 PCA events following flare with associated 

No 
3 3+ 
2 0  
6 2  
2 2  
2 0  
1 0  
1 0  
0 0  
0 0  

loop prominences. 

1963 

Flare Importance 

1 0 - 

1956 
1957 
1958 
1959 
1960 
1961 
1962 

~- 

3 3+ 

8 3 
3 3 
2 4 
5 2 
4 1 
0 0 

2 0 

TABLE6A 

Imortance 3 and ?+-Flargs 
And Associated Loop Prominence Systems _- - 
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7.0 

'7.1 

9m-w TliEm!3m? mm 

Effect of Disturbances i n  the E a r t h ' s  Magn e t i c  Field 

The condition of the interplanetary magnetic f i e ld  a t  the time of 

the PCA flare, as implied by the three hour planetary index $ fails t o  

show any significant correlation with 

intensity of the E A .  

Figures 6, 7, and 8. 

days preceding the PCA f lare ,  we have shown all flftres frau the PCA f la re  

sunspot graup, and where available, the normalized neutron monitor two hours 

counting rate, the daily sunspot area, known loop praninences, and sudden 

camencement of geanagnetic storms. 

box indicates the importance or intensity of the event. 

the PCA flare delay the or the 

This is  shown for selected but typical events i n  

I n  a d d i t i o n  t o  showing the three hour I$ for  the four 

The length of the  l i ne  or size of the 

We have included cases of major flares (importance t 2+) not 

followed by known PCA events (Figures 8A,  8B and 8 C ) ,  but w i t h  an associated 

loop prominence; moderate t o  intense PCA events (Figures 6 and 7) and a 

sequence of three very s m a l l  PCA events (Figure 8D). 

An indication of the condition of the earth's magnetic f ield on 

FTA day for  the PCA events from Table 1 is shuwn i n  the first two columns of 

the last section of T a b l e  3 ( E A  Day Values), where the C$ and % are 

given. 

This phase of the investigation w i l l  require a more complete analysis 

before firm conclusions can be made. 

7-2 Geanagn e t i c  Storms 

Fifty-six of the basic PCA flares were followed by a sudden canmence- 

ment geamagnetic storm or i n  a few cases where two or three PCA events occurred 



I- 
- ___- 

within a 24 or 48 hour period, we have considered that the two or three 

PCA flares were followed by an SSC even though they were the same storm. 

The maximum storm I(p a,nd time d e w  between the PCA and the SSC are shown 

i n  Table 3. Table 3p shows the distribution of the storm maximum $ as a 

A m c t i a  of the  PCA flare importance. 

PCA 
Flare 
L 
1 
2 
2+ 
3 
3+ 

NO . MaJtimum storm 'h 
Storm 5+ 5+ t o  6- 60 t o  8- 80 

0 0 0 1 0 
2 0 1 7 3 
0 0 1 1 5 
1 0 5 7 I2 
0 0 1 6 6 

3 0 8 22 26 

TABLE 3F 

THE DISTRIBUTIW OF SSC MAXIMUM I$ 
WrPH PCA FLARE IKPoR!I!AIvcE 

Total 

1 
13 
7 
25 
13 

59 

We see that a large percentage of the storms are  moderate or severe 

more o r  less  independent of the f la re  importance. 

start of the PCA to  the start of the storm varies fram four hours (PCA 

Number 4) t o  a 

times were greater than 60 hours, and the PCA-SSC association m i g h t  be 

quest ionable. 

The delay times fran the 

of 71 hours (PCA Number 49). In  six cases the delaJr 
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APPENDIX 1 

IMPORTANCE 3+ FWiES FOLIWWED 
BY SMALL OR NO PCA EVENTS 

The faz importance 3+ flares that were followed by small PCA events 

(Table  10.B) and six with no reported PCA events (Table loC> are anaiyzed i n  

considerable detai l .  It is concluded that an important PCA event would have 

been expected 

followed by a s m a l l  PCA, sat isf ied most of the  conditions far a large FCA 

f r m t h e  importance 3+ flare on September 18, 1957 t h i s  flare, 

event. Similarly, the importance 3+ flare on June 18, 1959 was accanpanied 

by the phenanena generally associated w i t h  the large PCA events. 

1. 

1.1 Importance 3+ Flare, February 21, 1957 

33I"TmcE 3+ FIARES FOLIXKJED BY SMALL PCA EVENTS 

This flare at N20 W33 was followed i n  approximately two hams by a 

PCA (No. S3 Table 7) reported by several investigators on the basis of fmin 

data. 

Collins) t o  l600 VT on the 22nd (Besprozvannaya). Basler and Owrenl is t  t h i s  

as two events, one on the 21st at 1800 UT, the other on the 22nd at 0500 VT. 

The reported onset times ranged from 1800 VT on the 21st ( J e l ly  and 

Tbe flare was reported i n  the IAU Bulletin from the Sacramento Peak 

Observatory i n  Region 46, but no importance was given. 

cluded i n  Table 1, Volume 2 of the  Solar Activity Catalogue. 

reported as event 24 of Table VIII, Volume 2, with importance 3+ associated 

with sunspot 12140, plage 3856. 

The flare is not in- 

It is, however, 

The plage, i n  i t s  4th rotation, was small (2800 millionths) moder- 

ately bright (average 2.5 intensity during disk passage) and was the  source 

of only fcur flares (an importance 1 at 0530 VT the 2ls t ,  an importance 1+ 

at 0300 Ul!, the 22nd, and importance 1 on the 23rd). 

29 
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This 3+ f l a re  lasted far six haurs with the reported rnsximum at  

1930, imiz1y th-ze aid a &E 5-s aiPter thz ~ r i s e t .  

a l o w  intensity 10 cm burst (peak flux 19) s t a r t s  at 1750 UT and lasts for 

fan haurs. 

30 minutes after the flare beginning. 

?io SkT' is repcrted but 

Small  bursts were reported a t  200, and 167 Mc/s s t a r t i n g  about 

The association of t h i s  flare with a sunspot is questionable due 

t o  the intermittent appearance and disappearance of the three spots covered 

by the plage, (Mt. Uilson spots 12140 a t  N13, 12143 at Ne, and 12150 at  NW) 

and the location of the f lare  at N20 on the 2 ls t  two days after the disap- 

pearance of 12140. 

graphic longitude loo is  unquestionable. 

However, the association with an active region a t  helio- 

The spot (Greenwich No. 17076) 

attained a maximpun area of 59 millionths on the 15th. 

The other psir of spot graups (Mt. Wilson numbers 12143 and 12150) 

12143, a three day spot, disappeared on the l6th while were located a t  NW. 

12150 appeared on the 19th and was last seen on the 25th at U79. 

spot 17@5 w a s  first seen on the 14th at ~ 6 0 ,  and was intermittent with a 

few smal l  spots un t i l  the  l6th ( M t .  Wilson spot 12143). 

on the 20th ( M t .  Wilson spot 12150) with an area of 65 millionths. 

developed rapidly and reached a maximtlm area of 729 millionths on the 23rd 

Greenwich 

A new spot appeared 

It 

t w o  days after the PCA f lare .  

1.2 

A major PCA event would not be expected. 

Importrrn ce 3+ Flare, September 18, 1957 

This m a l l  PCA was reported by two independent investigators, but 

The reported start times range from is not included i n  Bailey's Catalogue. 

2OOO UT on the 18th (Besprozvannaya) t o  0400 on the 19th (Khocholava). 

The flare tbat was probably responsible occurred i n  a large (area 

1998 millionths on f l a r e  day) magnetically ccmplex ( d p f  1) sunspot group 
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e which was first seen on September 13 at E75. 

f e w  small  spats developed rapidly into a large stream of normal type. 

bright plage (number 4151) (intensity 3.514.013.0) had an average meximuxn 

area of 7500 millionths aad was flare productive (83 f l a re s  during disk pas- 

sage), 

grarps a t  lasted for only three days (12637, d 

~632, appci ,  Septeniber a=). 

The grmp which farmed fran a 

The 

In addition t o  the large spot grmp the plage contained two small - 

d, September 21-23, and 
l B p  

The sunspot was the saurce of 32 flares of importance 1; 4 of 

importance 2; 1 importance 2+ and one importance 3, prior t o  the importance 

3+ f la re  at 1658 on the 18th. 

a major short wave radio fadeout, (importance 3+ lasting for  150 minutes) 

srnall radio bursts at centimeter wave lengths, and an importance 3 spectral 

emission, type IV i n  the frequency range 580 - 100 Mc/s that lasted far more 

than 6 hours. There w e r e  major b u r s t s  of long duration at 167, 450, and 545 

Mc/s, 

(max Kp = 7+) and a Forbush decrease of 6. 

The f l a re  lasted for  nearly 5 h w s ,  caused 

The flare was followed by a sudden commencement geomagnetic storm 

This f l a r e  starting a t  1658 UJ! on the 18th followed within sl ightly 

more than one haur of an importance 3 flare in the same plage and spot grmp 

which started at 1026 and ended at  1613. 

(or dmble aspects) the ear l ie r  (importance 3) flare had maximum Values at 

1045, and 1325 with the two phases s t a r t i n g  at 1026 and 1303 with =Jar short 

wave radio fade outs at  1030 (impartance 3 lasting 104 minutes) and 1245 (a- 
portance 3- lasting 95 minutes). The importance 3+ flare under discussion 

had meximum intensit ies at 1740 and 1840 w i t h  short wave fades at 1730 and 

1823 both of importance 3+ and both lasting 150 minutes. 

Both of these f la res  had resurgences 



On the basis of the importance of the region, the flare associated 

phenomena and the  central  meridian position and the importance of the flares 

at  1026, 1303, 1658, and 1818. 

would have been expected. 

1-3 

A solar proton event of major importance 

Two Very Small PCA Events During 1960 

Gregory reports 24 very small PCA events which he detected frm an 

-Lysis Gf high seiisitivity- irerti~ai-iu~ideuce back scatter sounding of the 

lower ionosphere a t  a frequency of 2.3 Mc/s a t  South 79" geomagnetic latitude, 

ionosond f- data from high latitude stations confirm these events. 

The 24 small  events, Table 8 were not reparted by other investi- 

Two of these very small events were associated w i t h  importance 3+ gators. 

f la res  (numbers G 2 0  and ~ 3 8  Table 8). 

termine, if possible, why large E A  events were not detected and the possible 

These are analyzed i n  de t a i l  t o  de- 

effect  on a solar warning false alarm occurrence. 

1.3.1 Importance 3+ Flare June 1, 1960 

The flare at  0824 UT, N29 E46 on Jure 1, 1960 was observed by a 

record number of observatories (19 reported the f lare)  and t en  gave it an 

importance of 3+. 

and w a s  accmpanied by a short wave fade of importance 3 lasting for 75 

The flare lasted far f ive hours and seventeen minutes, 

minutes. 

with a peak flux greater than  3400) and 200 Mc/s ( las t ing  for 75 minutes 

with a peak flux of 3100). 

600, 545, and 23 Mc/s. 

of the sun at the t i m e  of the flare, but because of the great bursts at  

single frequencies i n  both t h e  centimeter and meter wave lengths, a type I V  

emission probable occurred throughout the complete frequency range of the 

There were great bursts at 2980 Mc/s, ( las t ing for 63 minutes 

Great bursts w e r e  a l so  recorded at  9100, 1500, 

There w a s  no sweep frequency spectral observation 



radio spectrum. 

River s tar t iag at  approximately 2200 UT on June 3. A sudden cummencement 

geanagnetic storm started a t  0248 on June 4, with a maxiwun three-hour Kp 

of 6+. 

hours after the flare, lasting for about 6 days. 

A Forbush decrease of 4.5 percent w a s  reported by Chalk 

Gregory reparts a small PCA start ing approximately f ive and a half 

Je l ly  and Collins report 

a FCA camnencing at 2OOO UT on the 3rd lasting about 3 days. 

Increased proton counting rates were reparted in  Explorer VPI data 

during the northern high Latitude passes on June 1, and again on June 4 

(Table 6). 

Although there were 11 importance 1, and 1+ f la res  between 0823 on 

the 1st and 1900 U!T on the third,  it is nat probable that any of these small 

flares was responsible for the Jelly and Collins E A .  

the  Je l ly  and Collim PCA, and t h e  increased Froton counting rates observed 

by Explorer VI1 were a l l  fran a plasma cloud ejected f'rm the sun by the 

It i s  probable that 

flare of June 1. 

The flare occurred in a high latitude type spot (N-) at helio- P 
graphic longitude 343". 

magnetically complex ( 

mean loagitude 352", which was t h e  source of an importance 3 f l a r e  on May 13, 

followed by a great shmt wave fade aad a polas cap absorption (number 4'7, 

Tables 1, 3, 4, and 5 ) .  

large (area 7000 millionths) moderately bright (average intensity equal t o  

3)  and flare productive (34 flares impartance 

This spot is a return of the large (1800 millionths) 

type) spot 14825 which crossed the visible disk at 

The great flare on Jime 1 and sunspot were i n  a 

1 during disk passage) plage 

5680. 

While t h i s  flare did produce a smell FCA (too small t o  be detected 

by the farward scatter technique or by Riameters), the characteristics of 
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the  flare and associated phencxnens indicates that a high flux proton beam 

shauld have reached the vicinity of the earth within a few hours after the 

start a9 the flare. 

energies > 30 Mev has been calculated for t h i s  event by Webber. 

1.3.2 The Imprtaw e 3+ Flare, December 5, 1960 

An integrated proton flux of 4 x 10s protons/cm2 for 

This very am11 FCA found by Gregory, and not detectable on Riometer  

records crr by the forward scatter technique, started approximately eleven 

hmrs  after the importance 3+ flare at 1625 UT, N26 E68, on December 5. The 

flare was accanpanied by a major SWF (importance 3 lasting 100 minutes) Type 

I1 snd Type IV spectral emissions, a moderate burst at 2800 Mc/s (peak inten- 

s i t y  330), a majar burst at 200 Mcfs (peak intensity greater than 1OOO) and 

small bursts at 545 and 108 MC/S. 

The flare occurred i n  the magnetically complex spot graup (lP81) 
The plage 5959 15151, region 1434-38 at  N28 and heliographic longitude 8'. 

w a s  moderate i n  area, (6500 millionths) and brightness, (average intensity 

3), and was the location of 13 flares during disk passage. 

Because of the eastern location of t h i s  flare on the so- disk 

(E68) and the l o w  peak intensity of the  2800 Mc/s flux (330 x wm-2 

( S/C)-l) ,  t h i s  f la re  would not be classified for proton warning, but the 

region would be watched carefully during disk passage for Later indications 

of a proton flare event. 

of plage 5925 which contained the large (area 17'75 millionths) sunspat poup 

15114, which w a s  the location of four very small E A ' S  on November 10, 11, 

14, and 19, reported by Gregory only (numbers G31,  G32, G34, and G36, Table 

8) and the three mjor PCA events with ground level effects on November 12, 

15 and 21. 

The plage i n  i t s  f a n t h  rotation w a s  the return 

(Numbers 49, 50, and 51, Tables 1, 3, 4, and 5.) 

34 



2.0 

2.1 

PlpOKTANcE 3+ FIARES WITH NO €?E€"lED PCA EVENT 

- Imparlance I 3+ Flare, November 7, 1956 

The importance 3+ f la re  a t  1109 VT, Sl7 E32 occurred in the  bright 

.- ~ 

new plage 3751. 

3rd and 15th November with $p average magnetic classification, and a whole 

spat area on f l s r e  day of 929 millionths of the solar hemisphere. In spite 

of the large area of the  sunsput only six importance 1 flares were reported 

prior t o  the importance 3+ flare. The first flare w a s  reported on the 5th 

at E57. 

The Sunspot group 11949 crossed the visible disk between the 

The sunspot w a s  located at  mean heliographic longitude a", which 

as seen fran figures 3 and 4 is located i n  the region where PCA's are rela- 

t ively rare., 

The region was relatively radio quiet and no emissions in the fre- 

quency range fran 3750to 2800 were reported at the time of the importance 

3+ flare. The flare produced an importance 2 shart wave radio fadeaut which I 

lasted for only 21 minutes. I 

moderate radio bursts of short duration a t  centimeter and/or meter wave 

lengths. 

Six of the minar f la res  w e r e  accanpanied by 

I 

This f la re  was followed at 1313 by a loop praninence. 

On the basis of the relatively minor SWF and lack of emissions in 
I 

the centimeter wave lengths an importance PCA w o u l d  not be expected. How- 

ever, because of the associated loop praninence a state of a l e r t  shauld be 
l 

considered. I 

I 

2.2 Importance 3+ Flare, January 23, 19!57 I 
T h i s  importance 3+ flare at 231% m7, Wl7, w a s  reported by only 

o m  observatory (Sydney) i n  Region 19, sunspot 12089, plage 2823. 

The f l a re  occurred in the large, (l6ooO) bright, (3.5, 3.5,3) flare 

productive (37 flares) plage region i n  its third rotation. The plage covered I 
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three sunspot groups. 

a maximm area of 1581 millionths, a mean area during disk passage of 778 

millionths with an dpmagnetic classification and Zurich type €I, at mean 

longitude 1 8 O .  There were no radio emissions at centimeter wave lengths 

reported at the t i m e  of the f lare  and no SWF w a s  reported. 

was reported by NBS a t  167 Mc/s with peak flux greater than 2100 x 

The sunspot in  which the flare occurred (l.2089) had 

A majar burst 

Six impcrtance 1, 4 importance 2, and 1 importance 2+ flares were 

reported i n  t h i s  region prior t o  the 3+ flare,  the first flare (importance 1) 

occurred at E50 on January 18. No PCA wmld be expected f'ran th i s  flare. 

2.3 Importance 3+ Flare, January 31, 1957 

This importance 3+ flare at 0358 UT w a s  a lso reported by only one 

observatory (Sydney) i n  Region 30, sunspot 12114, plage 3830. 

This plage ( in  its second rotation) was of moderate s i ze  (S~OO), 

moderately bright (3/3/3). 

that was barn and died on the visible disk and the flare-spot which was first 

seen on January r( (Zurich and Greenwich) a t  E54 and mean longitude 257.4O. 

T h i s  mall (mean area 160 millionths) stream of spots achieved a maximum area 

of 504 millionths on the W h ,  but covered only 183 millionths of the solar 

hemisphere at the t i m e  of the flare on the  3lst. 

i n  size t o  64 millionthsbyFebruary 3 and t o  40 millionths at W72 when it 

was last seen on February 5. 

The plage contained two one day spats, one spot 

It continued t o  decrease 

Only 3 f l a r e s  were reported i n  t h i s  region, one of importance 1, 

and one of importance 2 on February 1, and the 3+ flare under evaluation. 

This f l a r e  was acccmpanied by small  radio bursts at 9400 Mc/s ( 4 1  smoothed 

flux) and at  3000 Mc/s (234 peak flux). A minor SWF (importance 1 )  lasting 
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for 84 minutes is associated with 

or phenomena associated with t h i s  

would indicate a PCA. 

the  flare. None of the characterist ics 

flare, except the reported importance, 

2.4 Importance 3+ Flare November 29, 1957 

This flare at  0045 UT was followed by a Type I1 burst of shart 

duration and a moderate burst (488 peak flux) a t  9500 Mc/s. N o  associated 

SWF was repcrrted. 

high la t i tude ( N 4 1 )  and near the e a s t  l i m b  ( ~ 6 3 ) .  The plage contained no 

spots, this, the only knm f la re  in  the plage region,was reported by the 

Sydney observatory only. 

i n  fact ,  the reported flare importance wauld be questionable. 

2.5 Importance 3+ Flare on A p r i l  5, 159 

This flare occurred in a very small plage (4262) at very 

N o  PCA could be expected under these conditions, 

This flare a t  23s UT, N16 W67, occurred i n  the bright (average 

intensity > 3 )  flare productive (46 flares) plage, 5071, which is  a f i f t h  

return region. 

the canplete disk passage and t w o  short lived groups. 

i n  the  small (mean area 184 millionths) but magnetically complex 

sunspot group 14020. An importance 3+ shortwave fade lasting fo r  93 minutes 

s tar ted almost simultaneously w i t h  the start of the flare. There w e r e  no 

2800 Mc/s observation at the time of the flare, and no Type I1 or Type I V  

dynamic emissions were repurted. However, there were great bursts at 9500 

Mc/s (2960 peak f lux)  3750 Mc/s (smoothed flux 2300 las t ing fo r  8 minutes) 

and at 2000 Mc/s (smoothed f l u x  580). 

storm or Forbush decrease followed within three days after the f lare ,  

althatgh a solar flare effect  (magnetic crochet) was reported by 17 stations 

camnencing at 2321 UT on the  5th. The f a x  days prior t o  the flare were 

This plage contained three spot groups that existed during 

The f la re  occurred 

( f r )  

No sudden camencement geanagnetic 
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very quiet geanagnetically 

12 and 6, respectively. 

with a maximum 3-haur Kp of 3+ and Ap's of 6, 7, 

The flare w a s  preceded by 24 minor flares and one impmtance 2+ 

flare. The first flare was reported at  E48 on March 28. 

The sunspot grmp was at mean longitude 273'. On the  basis of 

t h i s  flare and the associated phenanena, including the SWF and burst at  

3750 Mc/s. 

lies in the apparent region between Heliographic Longitudes 140" and 320' 

where very few E A ' S  have been reported. 

2.6 Importance 3+ Flare i n  June 18, 1959 

A FCA might be expected unless one considers that tne region 

This flare a t  1134 UT, N 1 8  w67, occurred i n  a large, (area 9000 

millionths), bright, (average intensity 3.5) and f la re  productive (96 flares 

during disk passage) plage 5204. The plage contained two spot graups that 

accmpnied it across the east limb and a small one day spot. 

occurred in  the Large (maxinaun area 1111 millionths, mean area 856 millionths) 

magnetically canplex ( 

330'. 

and 3 major f la res  prior t o  the 3+ f l a r e  on the 18th. 

portance 2) occurred at  the east  limb on June 9 and was accanpanied by a 

great shortwave fade of importance 3+ lasting for 180 minutes, two great 

bursts at 2800 Mc/s and a Type IV broad band continuum emission i n  the very 

l o w  frequency range (50-25 MC/S). This region was unusually active and 

radio noisy during disk passage. 

The flare 

type) sunspot graup 14211 at  heliographic longitude 

This spot was a Zurich type G on flare day and the s w c e  of 43 minm 

The first  flare (im- 

The importance 3+ f lare  was accanpanied by a SWF of impartance 2+ 

that lasted for 52 minutes. 

at  centimeter wave length ccprnrtencing simultaneously, the emission at  2800 

Very  large complex radio bursts were reported 
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1. 
Mc/s lasted for three hours with a mouthed flux of 1225 x lo-= Wm-2 

(c /s)- l .  No emissions were reported a t  meter wave lengths. The small PCA, 

observed by Riameters sad fran f& data on June 13 (Number Sl7, Table 7) 

was associated with an importance 1 flare  fran t h i s  same region at ~ 5 8 ,  at 

a time of very quiet geanagnetic conditions, when except far a brief period 

(bth, 5th sad 6th three-hour periods) on the  l l th ,  the three ham Kp's re- 

mained lese than 30 during the faur days preceding the flare.  

This is  the one rea l  failure among the importance 3+ f la res  since 

a l l  of the flare-time related phenanena indicate a probable PCA of consider- 

able magnitude. 

hemisphere for FCA's. 

The sunspot longitude of 330" is i n  the apparent preferred 

It is  interesting t o  note that during the next solar rutation the 

plage 5204 canbined with 5218 t o  form the plage 5265, and sunsput 14211 re- 

turned as 14284 which was the s m c e  of the three high energy PCA f la res  on 

the loth, 14th and 36th of July 159 (Numbers 35, 36, and 37, Table 1). 
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S r n C E s  OF DATA 

Polar Cap Absorption Events. 
of polar cap absorption events given i n  Tables 1, 7, and 8 axe given i n  
Table 3. 

The original somces -med t o  cwipile the list 

Solar and Terrestr ia l  Phenamena used in the study of the PCA events were taken 
fram Soiar Activity Catalogue Volumes f through 5, prepared by P. C. Jonah, 
Helen Dodson-Prince and E. Ruth Hedenan under HASA Contract HAS 9-2469. 

Saurces used for the preparation of the S O W  Act iv i ty  Catalogue are listed 
i n  each volume of the catslogue. 

Dally SUnspot Areas for the years 1954 through 198  were obtained f r o m  R O N  
Greenwich Observatory Bulletins Photo Heliographic Results: 1955, published 
1958 (no number); 1956 (Bulletin Number 14); 1957 (Bulletin Number 26); 1B8 
( m e t i n  !timber 60). 

Many sources of data on special solar events published in the scient i f ic  
l i t e ra ture ,  not listed i n  Table 3, were consulted during t h i s  study. 

no attempt is made t o  give a canplete list of sc ien t i f ic  papers, reporting 
special solar events. Only those directly related t o  polar cap absorpticm 
events have been included i n  the Bibliography. 
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